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To convert S(t) into S(0) we have to compute o(t), which can be readily accomplished by integrating the flux 4 time S(t) over exposure time 7: O(t)=qQr)d7-. s(e)=g.
O(x) was obtained also from the analysis of the EELS intensities recorded at different exposures. The method is subject to a larger error than KW for reasons explained in 1 and is affected by depolarization effects which are important in determining S( 0). .The EELS method allows however to study the dependence of S on 0 over a larger range of 0 and for conditions, low energy and grazing angles, where S is too small to employ KW. It could moreover give important information on changes in vibrational frequencies with coverage which are indicative of changes in the adsorption sites.6
INTRODUCTION
Various phenomena affect the dependence of the sticking coefficient, S, on surface coverage, 0, as, e.g., surface diffusion, short or long range order, etc.,' making the interpretation of the adsorption experiment quite a difficult task. An understanding of the basic physics determining S vs 0 is of fundamental importance to understand the dynamic of catalytic reactions.2 In this paper we will examine the coverage dependence obtained from the data presented in the accompanying paper,3 hereafter referred as I. In I the dependence of the initial sticking coefficient Sa on energy Ei and angle 6i of the impinging molecules, on crystal azimuth and on crystal temperature T, was reported for O2 interacting with Ag( 1 IO). There we discussed the experimental apparatus and the experimental methods employed to measure S: directly as described by King and Wells4 (KW) and indirectly, evaluating EELS intensities, as described by Rocca et aL5 (EELS) . In this paper we shall present the dependence of S on 0. S was measured at low T, where adsorption takes place nondissociatively as well as for 155 K-CT,< 512 K, corresponding to dissociative adsorption. S is found to decrease rapidly with 0 for dissociative as well as for molecular adsorption, the decrease being faster at higher T, .
Ill. EXPERIMENTAL RESULTS

II. EXPERIMENTAL METHOD
In Fig. 1 a typical KW trace is shown, reporting the partial pressure of O2 in the main chamber as a function of time: at time tl the shutter in the second stage of the molecular beam line is opened, the beam enters the main chamber so that the 0, partial pressure passes from PO to PI . A second shutter, located in the main chamber before the sample, prevents adsorption from the crystal surface until at time t2 this second shutter is opened, allowing the beam to hit on the sample. Due to the gettering action of the surface the pressure drops to P2. As surface coverage increases the sticking coefficient S decreases and is given by
In the present experiment we found neither a dependence of S( @)/So on Ei and 8i, nor a change of the frequency of the energy losses determined by EELS with 0. S(0) was measured by EELS for an energy Et of the gas molecules in the range from 88 meV to 615 meV, for normal as well as for grazing incidence (up to Bi= 75 ") at T, of 83 K and 300 K. KW data were recorded for Ei in the range from 305 meV to 605 meV, for 8i= 0" and for Hi=45", in the range 100 K CT,< 512 K along (001) and (iio).
The dependence of S on Oo, is reported in Fig. 3 for non-dissociative adsorption as measured by KW (X,U) and EELS (0). As one can see, S decreases very rapidly with 0 o, and reduces to l/5 of its initial value at 0 o,= 0 .O 8, i.e., at one third of the saturation coverage [OoZsat= 0.25 (Ref. S) ]. In the range O< Oo~<O. 1 the decrease of S is linear.
'. This was accomplished by finite differences. The rate of decrease slows down at larger Oo2 as @ozsat is reached. a flux 4T4. 9X1O'3 As shown in I the azimuthal dependence of So becomes significant only for 8,>45". Under these conditions the sensitivity of KW is insufficient to. extract S(0) while EELS data are affected by .a larger uncertainty. Within experimental error S(O)/Ss does not depend on azimuth.
A similar measurement is shown in Fig. ~ 5 for the case of dissociative adsorption near room,temperature. The KW data are reported vs Oo: The initialdecrease is again linear. The coverage dependence of S was studied at different T, for the case of dissociative adsorption by KW. Figure 6 reports the range where the sticking depends linearly on Go. As one can see T, affects dS(Oo)l~Oo , which becomes more negative with increasing T, . a,,, is, however, independent of T, as demonstrated by EELS and LEED. 
IV. DISCUSSION
The S(0) curves are usually described in literature by the function'
with n a free parameter. We performed this analysis for data taken at different 0i and E, and along the high symmetry directions (110) and (00 1). In a previous paper based on EELS data" we showed that 2snG4 for nondissociative adsorption. Performing the same analysis on the more accurate KW data shown above one obtains 3 <n < 7. This result is quite intriguing as n is the number of. sites which are needed for the adsorption process or the order of the reaction (1 for nondissociative and 2 for dissociative adsorption): the decrease of S with coverage is thus more pronounced than requested by site-occupation constraints.
To describe the data at low temperature where the O2 sticks in the molecular form, we use the following expression: where the first factor accounts for the order of the reaction (nondissociative), and the second describes phenomenologitally the observed rapid decrease. Go, is the coverage of molecularly chemisorbed oxygen. By plotting S 1 so 00, '-0 o2 sat as a function of Ooz one obtains amol as shown in Fig. 7 . This analysis was performed for all the data and gives -lO<a,,<-7.
For dissociative adsorption a similar treatment can be applied except that an extra factor, [ 1 -(Oo/Oo ,,J] is needed, as two free sites are necessary to dissociate the molecule. Our phenomenological expression reads accordingly SC@,) -= so with O. the atomic coverage. For dissociative adsorption the dependence of S on @o depends also strongly on crystal temperature T, as shown in Figs. 8 and 9. For low T, we find -5<adiss< -3, adiss grows nonlinearly in modulus with T SBy comparing the low temperature limit of adiss with amol we see that amol= 2adiss. This can be undestood on the basis of the interaction potential sketched in Fig. 10 . The three diabatic curves correspond to the physical and chemical interaction of the molecule with the surface. At large distance from the surface the difference in energy between the 02 curve and the O2 curve corresponds to the energy required to form the 0; ion, i.e., the energy difference between the work function of the metal and the affinity level of the molecule." The height of the adsorption barrier E. in the adiabatic representation is given by the crossing point of the two diabatic curves and is therefore affected by changes in the work function. The work function change induced at saturation by 0 and 0, on Ag(ll0) are similar: 0.8 eV for 0 (Ref. 12) and 0.9 eV for O2 as measured by EELS. As 0 o2 sat = @osat this means that the effectiveness of O2 ad- molecules in changing the work function is twice as large as for 0 adatoms so that amol=2a~ss as we find indeed at low T,. The correlation of the dependence of S on 0 with the work function change is connected to the electron donation involved in the chemisorption process.t3 The increase in work function upon oxygen adsorption modifies the energetits of the charge transfer thus contributing to the coverage dependence of S. The work function change is therefore important in determining the dependence of S on 0 at low temperature. The T,v dependence of adiss, shown in Fig. 9 , is related to the competition between dissociation and desorption from the molecular well. This effect can be modeled, as shown in paper 1, by S(@o,Ts>= Wo,)
where 'a(Oo,) . is the sticking probability into the molecular we& vdes and VC tiss are the corresponding pre-exponential facReaction coordinate tors for desorption and dissociation, respectively, and AE = Edes-Ediss , i.e., the difference of the barriers to dissociation and desorption from the molecular well (see Fig. 10 ). An Arrhenius analysis was performed to extract the best fit parameters vdes/ vdiss and AE as reported in Fig. 11 for @lo=0 and Oo==O.l. The slope of the curve is -AElk and the intercept with l/T,=0 is the ratio of the prefactors V&s and v&s. The best fit are compared with the data in Fig. 12 .
As one can see the low temperature limit of S shifts to lower values with 0 as already shown in Fig. 3 . The dependence of V&vdiss and of AE on Oo is summarized in Fig. 13 . The ratio of pre-exponentials increases with increasing coverage as well as AE. For most systems a decrease of v&.s with @ was reported.14 The data show therefore that V&s decreases even stronger with 0. This is not surprising since adatoms have a net negative charge and some repulsive interaction must be present between nearby adsorbed 0 adatoms.
The coverage dependence of AE can be understood from Edes diminishes with 0 as the diabatic curve corresponding to molecular interaction is shifted upwards. An increase in AE requires therefore that Edrss decreases. This is not explained by a rigid shift of the diabatic curves but implies a stronger coupling between them.2 Finally our conclusion of paper I that the physisorbed state does not act as a precursor in molecular adsorption is supported also by the above results on the coverage dependence of S. Various models of increasing complexity and accuracy have been proposed to describe adsorption mediated by a physisorbed state.'*-I7 They are characterized by a weak dependence of S on 0 over's wide range of 0 and by a rapid decrease of S before attaining saturation.
If the physisorbed precursor state has a role in promoting adsorption it can be described," by l-6 s=so l-6+&' @> where 6 = Oo,/Oo, +, and I is the ratio of rate constants for desorption and diffusion from the precursor state (r% l).16 The lower the value of T, the greater the role of the physisorbed precursor. if T= 1 the relation reduces to S/So= I-6. This form fails however to reproduce our data as shown in Fig. 14. A very rapid initial decrease of S with 0 could also be explained by the rapid saturation of defects.18 However, as already pointed out in I, defects play a negligible role in our experiment, since no other typical signature of their presence is observed.
V. CONCLUSIONS
We have investigated the dependence of S on coverage for nondissociative as well as for dissociative adsorption. We showed that the effect is connected to the variation of the barrier to adsorption caused by the change of the work function with oxygen coverage. The dependence of the preexponential factors and of the energetic difference between the barriers to adsorption and desorption were evaluated from the temperature dependence of coverage dependence of the sticking coefficient.
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